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HIGH  TEMPERATURE  HEAT  CAPACITY  EQUATIONS 

AND  THERMODYNAMIC  PROPERTIES 
OF  COMBUSTION  GASES 


By 

Mary  M.  Wi  II  jams 
Roscarcit  Dnparintcnl 


ABSTRACT .  TTiis  report  contalne  the  standard  state  heat  of 
foncation,  reference  enthalpy,  reference  entropy,  and  heat 
capacity  equations  for  200  chemical  compounds.  These  com¬ 
pounds  are  those  experimentally  shovn  to  exist  and  those 
theorized  as  existing  in  high  tenaperature  combustion  pro¬ 
cesses.  Thennodynamic  data  are  given  for  compounds  con¬ 
sisting  of  the  following  chemical  elements:  hydrogen, 
oxygen,  nitrogen,  carbon,  lithium,  soditim  potassium, 
rubidium,  cesium,  magnesium,  aluminuun,  fluorine,  chlorine, 
bromine,  beryllium,  boron,  silicon,  and  calcium. 


The  temperature  range  covered  in  most  cases  is  5C0  K 
to  6000®K,  for  which  two  heat  cajiacity  equations  vQre 
derived  of  the  form  Cp  =  a  +  bT  +  cT"2.  One  equation  is 
given  for  the  low  temperature  range,  and  einother  for  the 
high  temperatui'e  range.  In  ^he  case  of  different  physical 
states  occurring  in  this  range  (solid  -♦liquid  -♦gas),  one 
equation  is  normally  given  for  each  non-gas  and  two  for 
each  gas . 
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INTRODUCnCN 


In  the  solution  of  high  temperature  combustion  problems,  such  as  the 
deteminatlon  of  flnsc  temperat\ire,  the  consideration  of  a  large  number 
of  chemical  elements  and  thus  a  large  nuniber  of  combustion  products, 
results  in  the  accumulation  of  large  stacks  of  themodynamic  tables. 
Besides  the  large  counter  storage  required,  the  seemingly  endless  in¬ 
terpolation  of  these  data  for  an  luillsted  temperature  or  thermodynamic 
data  point  instigated  a  program  for  the  condensation  of  these  data  into 
a  more  accessible  and  useful  form.  A  heat  capsuiity  equation  of  the  form 

C  =  a  +  hT  +  cT”^ 

P 

was  chosen,  and  a  least  square  fit  made  of  the  changes  in  enthalpy  as  a 
function  of  temperature.  For  long  temperature  ranges,  two  heat  capacity 
equations  were  derived.  Tire  fit  error  is  most  cases  is  quite  small,  and 
is  soioetlmes  better  than  the  probable  error  in  the  original  table.  The 
fit  is  made  in  such  a  manner  that  errors,  either  typographical  or  proof¬ 
reading,  in  the  original  data  are  detected  and  corrections  or  omissions 
may  be  made,  i.e.,  we  have  checked  the  original  data  eoxirce  for  conti¬ 
nuity.  Thermodynamic  data  of  this  type  should  be  a  smooth  continuous 
function  except  when  phase  chamges  occur.  Another  advantage  of  the  use 
of  an  equation  over  tabulated  data  is  that  the  number  of  entries  to  be 
proofread  are  minimized. 

The  majority  of  data  presented  in  this  report  were  completed  by 
Januaiy  i960.  The  references  used  were  restricted  to  those  of  an  un¬ 
classified  nature. 


MmCB 


Let  us  assxime  data  are  available  showing  enthalpy  at  various  temper¬ 
ature  Intervals  from  Tj^  to  T2,  for  which  a  heat  capacity  equation  is  to 
be  derived  (Cp  =  (dH/3T)p),  The  enthalpy  at  (Tj^  +  T2)/2  -  Tjj  is  assumed 
to  be  a  precise  value,  and  the  change  in  entnalpy  with  respect  to  tem¬ 
perature  from  Tjj  to  all  other  tabulated  data  points  in  the  range  covered 
is  confuted.  A  least  square  fit  is  then  made  for  Cp  in  the  form  of 

_2 

=  a  +  bT  +  cT 
P 

Instead  of  using  the  standard  reference  temperature  of  298*15,  & 
standard  reference  temperature  (l®)  of  3000°K  was  chosen.  (This  should 
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not  be  confused  with  Tg  although  they  nay  occaeionaUy  coincide).  Each 
heat  capacity  equation  derived  vas  then  used  to  confute  an  enthalpy  (A)> 
emd  on  entropy  (B),  at  3000°K.  The  values  A  and  B  may  be  looked  upon 
as  integration  constants  from  a  standard  reference  tenperattua  of 
30uO°K.  mis  curve  is  assumed  to  be  a  continuous  function  and  to  pass 
through  at  A.  The  value  of  A,  and  consequently  B,  nay  have  no  real 
significance,  l.e.,  certai  a  species  may  not  exist  at  that 

tenq>eratiu«,  or  A  and  B  nay  be  grossly  in  error  vhen  centred  to  knovn 
enthalpy  and  entropy  values  at  this  temperature.  .A  and  B  should  be  con¬ 
sidered  as  working  tools  ^ich  enable  one  to  obtain  accurate  values  of 
enthalpy  and  entropy  in  the  interval  T^  to  T2.  It  vas  for  this  reason 
that  syiid>ols  other  than  H  and  S  were  chesen  for  these  refezances.  (For 
data  tables  where  enthalpy  is  given  at  3000®K,  if  this  value  is  used 
Instead  of  the  A  value,  the  average  error  incurred  is  increased  by  the 

3000  . 

amount  ^298  ~  A).  The  enthalpy  at  tesroerature  T^  nay  be  cooq>ated  as 

T 

^98-15 

3000 


and  the  entropy  at  T^^  as 

p'^X 

^T  =  B  +  /  (C  dT)/T 

X  j  '  p 

5000 


By  adding  the  heat  of  foi^tion  AH^g  ,5  to  the  first  equation,  one  may 
obtain  the  total  enthalpy^ 

T 


In  the  case  of  non-gas  constituents  the  maximum  temperatvire  for  the 
heat  capacity  equation  is  the  melting  point,  or  normal  boiling  point. 

The  temperature  range  of  a  gaseous  species  is  limited  only  by  the  data 
available.  The  reference  enthalpy  value,  or  integration  constant  A,  nay 
be  somewhat  more  ambiguous  when  phase  changes  occur  for  a  given  species. 


'‘'The  heat  of  formation  was  purposely  maintained  as  a  separate  item  since 
the  imceitalnty  in  this  number  is  greater  than  that  for  other  thermo¬ 
dynamic  data,  and  other  corrections  will  not  be  necessary  if  changes  are 
made  in  ^^293,15. 
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For  example,  aluminum  with  a  melting  point  of  300°K  and  a  boiliiwt  point 
of  2710°K  may  follow  the  path 

Tf 

A1(8)  +  =  Al(l)  at  If 

T 

Al(l)  +  =  Al(g)  at 

or  we  could  assume  aluminum  gas  at  room  temperature  with  a  heat  of 
formation: 


-AHf298  Al(g)  AlCs)  +AH^, 


and  then  heat  'he  gas  from  room  temperature  to  some  temperature  Tv»  IQ 
one  case  the  transition  enthalpies  have  been  iised  as  corrections  to  the 
heat  of  formation,  and  la  the  other  case  they  have  been  used  as  correc* 
tions  to  the  changes  in  enthalpy.  The  same  heat  of  formation  for  the 
solid  and  liquid  form  of  a  confound  is  used  and  the  transition  enthalpy 
occurs  at  the  melting  point.  This  enables  one  to  compute  split  phases 
at  the  melting  point.  With  four  exceptions  the  nomnl  heat  of  fomation 
of  the  gaseoixs  form  is  used.  Tnese  exceptions  are  Al,  M,  Ka,  and  Mg 
gaseous  atoms  whose  heat  of  formation  ore  taken  as  zero. 


^ Table  1  contains  the  constants  A,  B,  a,  b,  c,  the-  tipper  teoperature 
limit  (Ty)  and  the  lower  temperature  limit  (Tj^)  of  the  temperature  in¬ 
terval  over  which  the  beat  capacity  equation  was  derived. 

The  accuracy  of  the  fitted  equation  to  the  given  tabular  data  is 
shown  in  Table  2,  as  a  function  of  the  given  enthalpy  (H|t),  the  given 
entropy  (Sg),  and  the  computed  enthalpy  (Ky),  and  the  computed  entropy 

wc'*  error  in  enthalpy  (Ejj)  and  the  error  in  entropy  (Be)  are  thus 
conputed  as 


(H^  -  11^)100 


(S  -  S  )100 


llie  maxi  mum  values  of  Ejj  and  Eg,  and  the  temperature  at  which  each 
maximum  occurred,  are  given  for  each  beat  capacity  equation  of  2. 

The  fit  error  in  most  cases  is  quite  small,  and  is  frequently  better 
than  the  probable  error  in  the  original  data. 


Constants  For  the  Con^putation  of  the  High  Temperature  Heat  Capacity 
Enthalpy  ejid  Entropy  of  Combustion  Products 
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TABLE  2.  Maaclgum  Fit  Error,  Expressed  as  a 
Percentage  of  the  Original  Tabulated  Value 


Species 

T  K 

T'^K 

T^K 

T'^K 

A1 

4200 

.000 

4300 

*014 

5400 

.006 

4900 

.009 

AlgO 

0500 

■  .960 

0500 

.  .060 

4300 

.014 

5100 

.008 

AloOz 

1200 

.053 

0700 

.119 

2400 

.001 

2800 

.057 

AlpO' 

0500 

.210 

0700 

.035 

5400 

.004 

3200 

.013 

2400 

.002 

1400 

.017 

4700 

.002 

5800 

.002 

AICI3 

2200 

.002 

0500 

.002 

4900 

.008 

4900 

.007 

AICI2 

1200 

.005 

0500 

.003 

4600 

•  001 

4900 

.006 

AlCl* 

0800 

.000 

0600 

.001 

AIF 

0500 

.110 

0500 

t005 

5300 

*002 

4800 

.002 

AIF3 

0800 

.046 

0800 

.020 

1100 

.020 

1400 

.016 

AIF* 

1900 

.002 

oeoo 

.001 

4700 

.010 

5200 

.008 

Alfl 

0500 

.073 

0500 

.013 

4400 

.001 

5400 

.005 

AIF2CI 

0500 

.062 

0500 

.013 

5900 

.004 

5900 

.005 

AIFCI2 

•  0500 

.034 

2000 

.090 

5600 

.004 

5800 

.007 

AlO 

0500 

.220 

0500 

.013 

5300 

.001 

5500 

.002 

AlOS 

0500 

.600 

0500 

.099 

5200 

.002 

4100 

.049 

AlCgH 

0500 

.730 

0500 

.013 

5900 

.004 

4400 

.009 

AlOF 

0500 

.100 

0600 

.021 

5200 

.002 

4200 

.014 

AlOCl 

.  0500 

.053 

1500 

.017 

6000 

.002 

4200 

*014 

AlH 

0500 

.056 

0700 

•  008 

4100 

.017 

6300 

.009 

AL 

1000 

.030 

3700 

.000 

2000 

.032 

B 

2200 

.073 

0600 

.023 

4900 

.033 

4200 

.010 

0700 

.026 

uouv 

.018 

5900 

.011 

5400 

.012 

B2Q2 

0500 

1.43 

0500 

.147 

4600 

.009 

4400 

.005 

B2O3 

1000 

0000 

1100 

.012 

2500 

.000 

2200 

.010 

B2O3 

0500 

1.73 

0500 

.173 

4600 

.006 

5600 

.006 

BBr^ 

05oC 

.022 

0600 

.003 

5000 

.001 

5600 

.003 

BCl 

2500 

.033 

0500 

.014 

4400 

..017 

3300 

.011 

BCI3 

0500 

.327 

0500 

.019 

5000 

.007 

5400 

.005 

Be 

2200 

.085 

1900 

.021 

5000 

.041 

4100 

.022 

BeCl 

0500 

.140 

0500 

.009 

5500 

•  001 

6000 

.002 

BeCl2 

0500 

.000 

0900 

.013 

BeCl2 

1500 

.052 

C700 

.016 

4100 

.009 

3500 

*007 

BeF 

0500 

.500 

0500 

.034 

5400 

.001 

4100 

.003 

BeF2 

0600 

.000 

0500 

.040 

BeF2 

0700 

.350 

0500 

.053 

3700 

.189 

3600 

.035 

BeFCl 

0500 

.220 

0500 

.051 

4400 

.002 

3100 

.020 

BeO 

0500 

.780 

0500 

.052 

4000 

.002 

6000 

.002 

BeO 

2200 

.071 

0500 

.240 

2200 

.000 

4100 

.013 

BeH 

3000 

.098 

0500 

.110 

3800 

.016 

6000 

.015 

Be 

1200 

.120 

1500 

.070 

2700 

.005 

1700 

.036 

22 
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TABLE  2.  (Contd.) 


I 

i 


Species 

T°K 

T°K 

T°K 

T°K 

BN 

2100 

.079 

0500 

.033 

4700 

.000 

3000 

.020 

BF 

0700 

.386 

0600 

.039 

5100 

.017 

4900 

.011 

BF:t 

0500 

.982 

0500 

.094 

4600 

.009 

5700 

.007 

BO^ 

0500 

1.54 

0500 

.069 

3600 

.018 

5200 

.007 

BR 

0500 

.750 

0500 

.140 

3000 

.005 

6000 

.004 

B 

0600 

i«23 

0500 

.565 

2300 

.003 

2300 

.066 

Brg 

1400 

.005 

1700 

.001 

4100 

.002 

3100 

.0009 

C 

3000 

.062 

0500 

.029 

6000 

.010 

3000 

.0004 

C 

1500 

.240 

0500 

.570 

2700 

.120 

2600 

,082 

C2 

0503 

.990 

0500 

.062 

3500 

.062 

4600 

.021 

C2lt2 

2500 

.120 

2200 

.210 

3900 

.028 

4500 

.007 

C2^ 

05  00 

.980 

0500 

.08  V 

5500 

.038 

3700 

.019 

C2K2 

1600 

.450 

1800 

•  210 

2400 

.026 

3100 

.091 

C2H4 

0600 

.002 

0600 

.018 

1300 

.015 

1000 

.012 

0500 

1.2 

0500 

.097 

4700 

.001 

4800 

,0006 

2 

0500 

.790 

0500 

.045 

5000 

.003 

5200 

.001 

CI2 

1500 

.309 

1600 

.003 

4700 

.002 

4300 

.00? 

CIF 

0500 

.100 

0500 

.005 

6000 

.002 

4800 

,003 

CIO 

0500 

.150 

0500 

.010 

4300 

.002 

5200 

.003 

CN 

3000 

.056 

0500 

.018 

3000 

.030 

3000 

♦  003 

CF 

260  3 

.043 

0500 

.038 

4800 

.023 

5500 

.046 

CF2 

2300 

*061 

0500 

.043 

4700 

.0'i2 

5500 

.350 

CF3 

2200 

.160 

0500 

.093 

4200 

.017 

5500 

.031 

CFji 

0900 

1.2 

0900 

.650 

5500 

•  490 

5500 

.120 

CO 

0500 

1.7 

0500 

.110 

5000 

.003 

5900 

.001 

COo 

0500 

1.9 

0500 

.150 

5000 

.060 

5300 

.029 

CH 

0500 

4.7 

0500 

.170 

3000 

♦  003 

390(1 

.0009 

CH2P^ 

2500 

.150 

0500 

*2:0 

2800 

.001 

2700 

.008 

CH2 

0300 

4.1 

0500 

.310 

5600 

.000 

3900 

.0008 

CH2O 

0800 

.062 

0500 

.045 

1100 

.470 

1200 

.150 

CH3F 

2500 

.210 

0500 

.330 

3400 

.001 

4500 

,007 

CHlJ 

1000 

.047 

0600 

.010 

1200 

.012 

1900 

.003 

CHF* 

0500 

1.4 

0500 

.140 

3600 

.001 

3900 

,007 

Ll^ 

1000 

.130 

0500 

.390 

1200 

.830 

1400 

1.60 

Li 

1900 

.016 

3400 

.018 

6000 

.026 

5700 

.016 

Li2 

Li20 

Li20 

Li2F2 

LI9CI2 

LiCl 

2300 

.004 

2800 

.002 

4700 

.001 

5300 

,002 

1100 

.065 

0600 

.067 

3p00 

.000 

1900 

,016 

0500 

.15 

0500 

.34 

5200 

.055 

3400 

.23 

0500 

.110 

0500 

.021 

5900 

.004 

3900 

.006 

0500 

.029 

2800 

.009 

5700 

.004 

4600 

.C'-O 

0500 

.057 

14CG 

.003 

3600 

.002 

5100 

.002 

LiCl 

0700 

.000 

0700 

.0  25 

2000 

.024 

0900 

.022 

LiF 

0500 

.170 

0500 

.012 

4600 

.002 

4100 

.002 

T  4r» 

1000 

.nft9 

inno 

1200 

;001 

2200 

s  1 60 
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TABUS  2.  (Contd.) 


Species 

T^K 

mu 

T^K 

«S 

LIO 

0700 

•  14 

0700 

.29 

5300 

.081 

3300 

.18 

LIOI 

0900 

.000 

1900 

.002 

LIH 

0500 

0500 

.220 

4000 

.13 

5000 

.73 

Mg 

3700 

•  022 

3100 

.036 

5100 

.013 

4700 

.013 

MgAl.204 

0900 

.003 

0500 

.003 

MgCl 

2100 

•  012 

0700 

.005 

4300 

.002 

5400 

.001 

MgCIg 

0800 

•  002 

0500 

.003 

1000 

eOOO 

1300 

.001 

Mgcia 

1600 

.03  2 

1900 

.006 

4400 

.015 

6000 

.006 

MgF 

0500 

.074 

0500 

.004 

4700 

.002 

4200 

•  002 

MgFa 

0800 

•  046 

1500 

.013 

1600 

cOOO 

1600 

•  016 

MgF2 

2500 

.022 

0500 

.022 

4600 

.013 

5400 

.007 

MgPCl 

2100 

.009 

1700 

.013 

3300 

.003 

4100 

.015 

MgC 

0500 

.110 

0500 

5  006 

A9  wO 

.003 

5700 

.002 

MgO 

1800 

.029 

2100 

.022 

2800 

.021 

3800 

•  020 

MgH 

1300 

.120 

0500 

*053 

4700 

.021 

4300 

.097 

!<g 

0800 

.006 

0800 

.025 

1700 

.051 

1400 

.042 

N 

3800 

•  046 

2100 

.004 

6000 

.003 

4300 

.001 

Na 

3600 

.029 

1700 

.018 

5400 

.020 

5300 

.013 

Na20 

0900 

.027 

0600 

.038 

NaCl 

0800 

.000 

1100 

.018 

RaCl 

1900 

.043 

2500 

.012 

4400 

.017 

5700 

.010 

Na? 

0700 

.110 

1200 

.026 

NaP 

1100 

.070 

2500 

.013 

5200 

.016 

6000 

.007 

NaOH 

1100 

.019 

C-JOO 

.019 

NaO! 

3000 

.110 

0500 

.  150 

4300 

.017 

6000 

.007 

NaH 

0800 

•  160 

0600 

.027 

4400 

.020 

4300 

.007 

Na 

0700 

.000 

0700 

♦  074 

N2  ■ 

050C 

1.8 

0500 

.  120 

5100 

.017 

4700 

.014 

HO 

0600 

4.0 

0500 

.330 

5000 

.014 

3000 

.002 

NOb 

0900 

.068 

0500 

.027 

1200 

.180 

1200 

.056 

NH 

3000 

.140 

0500 

.  140 

4300 

.002 

4900 

.001 

NH« 

1300 

.140 

1500 

.200 

3000 

.079 

1900 

.073 

F 

0500 

.160 

0500 

.010 

4400 

.002 

5000 

.002 

0500 

.180 

0700 

.009 

4400 

.002 

5700 

.002 

F2CO 

0500 

.850 

0500 

.075 

4000 

.001 

2700 

.007 

FCN 

0500 

.870 

0500 

.075 

3700 

.001 

3400 

.0005 

0 

3000 

.017 

0500 

•  006 

5400 

.033 

S~K>U 

.002 

02 

0600 

.180 

0500 

.017 

5900 

.009 

3000 

.002 

ONP 

rsd  f\r 
\J  J  w 

c  /> 

\J 

/>  /.  rv 

wt/ 

•  vu  i. 

4300 

.0006 

OH 

3000 

.140 

0500 

.110 

5700 

♦  220 

3000 

.005 

H 

2A00 

.000 

1000 

.002 

4300 

.003 

5100 

.200 

% 

3000 

.130 

0500 

.  100 

3100 

.380 

3000 

.020 

H2O 

3000 

.240 

0500 

.270 

5000 

.160 

5000 

.020 
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TABLE  2.  (Contd.) 


Species 

T°K 

ifK 

T°K 

T®K 

HBO2 

HBr 

0500 

.206 

0500 

.170 

4000 

.010 

4700 

.008 

0500 

2.1 

0500 

.130 

4800 

.000 

4200 

.001 

H3BO3 

HCl 

3000 

.170 

0500 

.344 

4  7  00 

.007 

4100 

.007 

0500 

2.10 

0500 

.140 

3700 

.003 

5100 

.001 

HCN 

1500 

.100 

0500 

.032 

2300 

.026 

3000 

1.3 

HCO 

0500 

2.7 

0500 

.  190 

3400 

.002 

3000 

.010 

HF 

3000 

.140 

0500 

.086 

3000 

.017 

3000 

.002 

iffiSULTS 


The  constants  are  given  for  the  computation  of  thermodynamic  proper¬ 
ties  for  combustion  gases  at  high  tenQ)eratures  by  use  of  the  following 
equations . 


=  a  +  bT  +  cT‘^  cal/"K 


Tx 


^^8.15 


.’'a 


C  dT 


'3000 


^  |<t/-3000®)  +  c 


5000-T 


50C0T^ 


(1) 

(2)  . 

cal/mole  (3) 


^  =  ^f298.15  * 


L 


C_dT 


3000 


S  •^  =  B  + 


/ 


r-  ^ 
%  T 


3000 


T„ 


"  ♦  *  "  b(V3“»)  -  21^ 


|I_-  jcwfj 


cai/nol  -  ®K 


The  standard  heats  of  formation  of  the  crmbustlon  species  are  g'.ven 
in  Table  3«  minute  revisions  were  made  to  incorporate  those  values 
recommended  by  the  JANAF  Hiermochemical  Panel  (Ref.  l4). 
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TABLE  3.  Standard  1 
(Phase  1  =  i 


Species 

Phase 

Ref 

A1 

1 

14 

AlFgCl 

1 

Ik 

AlClg 

1 

Ik 

AlCl, 

1 

14 

AIF 

1 

14 

AlFj 

1 

14 

AlFg 

1 

l4 

AlH 

1 

14 

AlOgH 

1 

l4 

AUt 

1 

14 

AlgClg 

1 

l4 

AlgO 

1 

14 

Al20g 

1 

14 

AlFg 

1 

l4 

B 

1 

14 

BCl 

1 

14 

BFgCl 

1 

14 

BClg 

1 

l4 

BClj 

1 

14 

BOF 

1 

14 

BH 

1 

14 

HBOg 

1 

l4 

1 

8 

BN 

1 

14 

S2 

1 

14 

V3 

1 

14 

2,5 

14 

Be 

1 

14 

26 


of  Formation  of  Combustion  Species 
Phase  2,  3  =  solid,  liquid) 


^f298.l5 

Kcal/mol 

Species 

Phase 

Ref 

^f298.15 

Kcal/mol 

+78.000» 

A1 

2,3 

l4 

‘235.0 

AlCl 

1 

14 

-11.3 

-78.0 

AlOCl 

1 

l4 

-55.0 

-139.022 

AICI3 

2,3 

l4 

-168.583 

-61.300 

AlFClg 

1 

l4 

-181.8 

-285.448 

AiFj 

2,3 

l4 

-358.3 

-157.0 

AIM 

1 

l4 

-5.447 

+61.700 

AIN 

2 

l4 

-76.000 

-109.000 

AlO 

1 

14 

+17.387 

+104.5 

Mg 

2,3 

14 

-536.000 

-312.110 

AlgOj 

2,3 

l4 

-400.400 

-39.400 

AlOF 

1 

l4 

-121.000 

-105.280 

AI4C3 

2,3 

14 

-48.600 

-157.000 

B 

2,3 

l4 

+132.618 

BFCl 

1 

14 

-76.810 

+42.5 

BOCl 

1 

14 

-84.8U 

-212.393 

BFClg 

1 

14 

-154.730 

-19.620 

BF 

1 

14 

-45.469 

-97.100 

BFg 

1 

14 

-133.843 

-142.923 

2,3 

l4 

-270.000 

+114.761 

BJO, 

1 

14 

-238.600 

-140.780 

BO 

1 

l4 

+3.744 

-300.0 

EN 

2;  5 

34 

-60.3 

+151.748 

^2^2 

1 

14 

-110.757 

+199*300 

BgO, 

2,3 

l4 

-305.544 

-208.266 

Be 

2,5 

14 

-12.200 

®®2 

1 

8 

+138. 

+77.922 

BeFCl 

1 

14 

-124.000 
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TABLE  5.  (Contd.) 


Species 

Phase 

Ref 

^f298.15 

Kcal/mol 

Species 

Phase 

Ref 

^f298.15 

Kcal/mol 

BeCl 

l4 

+36.989 

BeF 

1 

14 

+4.616 

BeClg 

1 

14 

-80.380 

BeH 

1 

l4 

+77.570 

BeF^. 

1 

l4 

-182.800 

BeO 

2,3 

l4 

-143.100 

BeOgHg 

1 

14 

-156.700 

BeOgHg 

2,3 

l4 

-216.800 

BeO 

1 

14 

+30.440 

Be.Clr 

1 

14 

-185.000 

Be^C 

2,3 

14 

-22.2 

BejO, 

1 

l4 

-259.800 

BCgOg 

1 

14 

-102.400 

c 

2 

l4 

BejN2 

2,3 

l4 

-132.000 

C02 

1 

14 

-94.o4o 

C 

1 

l4 

-170.^0 

s 

1 

l4 

+189.670 

CO 

1 

14 

-26.416 

CHg 

1 

l4 

+66.000 

1 

14 

+197.028 

CH4 

1 

l4 

-17.889 

CH 

1 

14 

+142.100 

C2H4 

1 

14 

-12.496 

CHj 

1 

14 

+52.000 

CHgO 

1 

14 

-27.400 

°2«2 

1 

1*1 

+54.190 

ClgCO 

1 

14 

-52.400 

HCO 

1 

14 

-3.520 

flCH 

1 

14 

+31.200 

FgCO 

1 

14 

-150.200 

C.,Ng 
«i  c 

1 

l4 

+73.840 

PCICO 

1 

14 

-106.500 

CF 

1 

14 

+76.121 

CN 

1 

14 

+94.000 

CF3 

1 

•;  li 

-120.500 

FCN 

1 

14 

-25.000 

CHFj 

1 

14 

-162.600 

CFg 

1 

l4 

-23.000 

CH^F 

X 

n  t. 

X*t 

-59.000 

CF4 

1 

14 

-2x3.000 

CCl 

1 

l4 

+121.6 

CH2F2 

1 

14 

-105.500 

CCI4 

1 

14 

-25.500 

^^2^2 

T_ 

14 

-51.300 

«2 

1 

l4 

H 

1 

14 

+52.102 

OH 

1 

l4 

+9.330 

HgO 

1 

l4 

-57.798 

^2 

1 

l4 

0 

1 

l4 

+59.559 

«2 

1 

14 

N 

1 

14 

+113.054 

HOg 

1 

l4 

+8.060 

HO 

1 

14 

+21.652 

MHj 

1 

14 

-11.997 

HH 

1 

l4 

+79.200 
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TABLE  5.  (Contd.) 


Species 

Phase 

Ref 

^f298.15 

Kcal/ool 

Species 

Phase 

Ref 

^f298.l5 

Kcal/mol 

Cl 

1 

14 

+28.951 

Clg 

1 

l4 

CIO 

1 

14 

+24.349 

CIF 

1 

l4 

-13.300 

HCl 

1 

lU 

-22.060 

HF 

1 

l4 

-65.140 

F 

1 

+18.860 

^2 

1 

l4 

ONF 

1 

14 

-15.650 

Li 

1 

14 

+38.4io» 

LI 

2,3 

14 

LlgCg 

2,3 

l4 

-14.200 

1 

14 

+50,400 

LIO 

l4 

+14.000 

LlgO 

2,3 

14 

-142.600 

LlgO 

1 

14 

-34.100 

LICB 

1 

l4 

-57.700 

LIH 

1 

l4 

+32.100 

LlOH 

2,5 

14 

-1x6.600 

LiF 

1 

14 

-79.300 

LIP 

2,3 

14 

-145.100 

LigFg 

1 

l4 

-215.500 

LlCl 

1 

l4 

-43.800 

Ll^Cl^ 

1 

l4 

-140.700 

LlCl  • 

2,3 

l4 

-97.400 

Mg 

1 

l4 

+35.330*^ 

Mg 

2,3 

l4 

MgO 

1 

14 

+4.190 

MgO 

2,3 

14 

-145.700 

MgClg 

1 

l4 

-100.700 

MgClg 

2,3 

14 

-153.220 

MgH 

1 

14 

+40.700 

MgCl 

1 

l4 

+1.'DOO 

MgFg 

1 

l4 

-177.000 

MgPg 

2,3 

14 

-262.600 

MgPCl 

1 

14 

-138.900 

MgP 

1 

14 

-21.000 

1 

14 

+25.755* 

Na 

2,3  ‘ 

l4 

Nag 

1 

14 

+52.870 

NaK 

1 

14 

+29.880 

NaO 

1 

14 

+15.200 

HagO 

3,2 

l4 

-100.717 

NaCl 

1 

14 

-44.050 

NaCl 

3,2 

l4 

-98.250 

NaF 

1 

l4 

-67.000 

Ha? 

2,3 

l4 

-156,300 

NaOB 

1 

14 

-55.440 

NaCH 

2,3 

14 

-102.240 

Si 

1 

l4 

+110.000 

•Si 

2,5 

l4 

1 

14 

+137.000 

SlCl^ 

1 

l4 

-57,660 

SiCl,^ 

1 

l4 

-145.700 

SIF;^ 

1 

l4 

-572.900 

sia 

1 

14 

+48.100 

SIP 

1 

14 

+10.300 
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TABLE  3-  (Coutd.) 


Species 

Phase 

Ref 

^f298.15 

Kcal/ool 

Species 

Phase 

Ref 

^f298.15 

Kual/aol 

SlOg 

1 

l4 

-73.900 

SlOg 

2,3 

l4 

-209.863 

SiO 

1 

l4 

-21.411 

K 

1 

6 

+21.51 

1 

6 

+30.8 

KK 

n 

6 

130.0 

KBr 

1 

15 

-42.5 

KF 

1 

15 

-79.8 

KCl 

1 

15 

-50.1 

CsCl 

1 

8 

-58.200 

CsP 

1 

8 

-85.0 

CsH 

1 

6 

+29.000 

CSg 

1 

6 

+27.000 

Cg 

1 

6 

+18-830 

RbCl 

1 

15 

-49.9 

EbH 

1 

6 

+33.3 

Rbg 

1 

6 

+29.6 

Rb 

1 

6 

+20.51 

RbF 

1 

8 

-87.0 

CaO 

1 

15 

-2.0 

CaH 

1 

6 

+58.7 

Ca 

1 

6 

+46.04 

CaCl 

1 

8 

+6.7 

CaF 

1 

8 

-9.2 

This  is  Included  as  a  part  of  A  in  the  enthalpy  and  entropy  equations 
and  should  be  taken  as  zero. 
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H.  Peter  Hirschler  (1) 

1  Naval  Weapons  Laboratory,  Dahlgren  (Technical  Library) 
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MAD  (1) 
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C.  F.  Pohlhammer  (l) 

Librarian  (2) 

2  Aeronutronics,  Newport  Beach,  Calif. 

Dr.  Joseph  iAigger  (1) 

Library  (1) 
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A.  L.  Berlad  (1) 

L.  V.  Feigenbuts  (1) 
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